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(57) On d&rit un stator (320) du type Moineau a parol 
epaisse ainsi qu'un proc^e de fabrication associe. Le 
profil exteme (355) du stator suit le profil helicoidal 
interne (353) du stator. L'application d'une couche 
elastom^re (330) sur le profil interne du stator conf(^ 
une ^aisseur constante a la couche elastom^e et 
rapproche les parois du stator. Ceci ameliore la dur^ de 
vie du moteur du fait qu*une quantity plus faible de 
chaleur est generic et que la chaleur se dissipe mieux. 
Les parois du stator supportent ^galement la couche 
elastom^e. De plus les parois epaisses du stator, dans sa 
forme de realisation pr^fer^, ^liniinent la n^cessite 
d^utiliser une tige de forage suppl^entaire ou d*un autre 
support pr^vu juste k c6i6 du stator. Ceci ^limine par 
consequent le coflt lie aux canalisations suppiementaires 
et aux difficultes rencontrees pour placer un stator i 
rinterieur d'une enveloppe de tige de forage ou de 
colonne de forage. En outre, la resistance accrue de 
racier de la paroi epaisse par rapport a son equivalent a 
paroi mince autorise une chute de pression effective de 
service sup6rieure pour une longueur de stator donnee, 
ce qui permet d'obtenir une puissance de sortie 
superieure. De plus le profil exteme onduie du stator 
donne k la tige de stator un aspect distinctif . 



(57) A thick walled Moineau-style stator (320) and 
method of manufacture are disclosed. The outer profile 
(355) of the stator follows the inner helical profile (353) 
of the stator. The application of an elastomeric layer 
(330) to the inner profile of the stator results in a 
constant thickness for the elastomeric layer and 
proximity for the walls of the stator. This improves the 
durability of the motor because of lower heat generation 
and better heat dissipation. The stator walls also support 
the elastomeric layer. Further, the thick walls of the 
preferred stator eliminate the need for additional drill 
piping or other support provided adjacent the stator. 
Thus, the cost of additional piping and difficulties 
placing a stator inside drill pipe or drill string housing are 
eliminated. Further, the improved strength of thick wall 
steel when contrasted to a diin wall cotmterpart allows a 
higher operating presstupe drop for a given stator length, 
resulting in a higher power output. Moreover, the 
imdulating outer profile of the stator provides a 
distinctive appearance to the stator piping. 
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(54)TiUe: 1N11ERNALLY PROFILED STATOR TUBE 

(57) Abstract 

A thick walled 
Moineau-stylc stator (320) 
and method of manufacture 
are disclosed. The outer, 
profile (355) of die stator 
follows the inner helical 
profile (353) of die stator. 
The application of an 
elastomeric layer (330) 
to the inner profile of the 
stator results in a constant 
Uiickness for the elastomeric 
layer and proximity for the' 
walls of the stator.' This 
improves the durability 
of the motor because of 
lower heat generation and 
better heat disslpadon. The 
stator walls also support die 
elastomeric layer; Further, 
die thick walls of the 
preferred stator eliminate 
the need for additional drill 
piping or otlier support 
provided adjacent die stator. 
Thus, die cost of additional 
piping and difficulties 
placing a stator inside drill 
pipe or drill string housing 
are eliminated. Further, die 

improved strengdi of diick wall steel when contrasted to a diin wall counterpart allows a higher operating pressure drop for a given stator 
length, resulting in a higher power outpuL Moreover, die undulating outer profile of die stator provides a distinctive appearance to die 

stator piping. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. Astatorconfigiuedforuseinamotorcompridng: 

a liiick-walled pipe, said pipe having a length, an inner proffle and an outer profile; 
5 vidierein said inner profile of said fiiick-walled cylinder has a plurality of lobes, said 

lobes of inner profile being disposed in a helical arrangement along said length of said 
cylinder and further within said out^ profile of said thick-walled cylinder generally 
conforms to said profile of said inner profile. 

2. The stator of claim 1, vdierein said ^ck-waUed pipe has a wall thickness defined by 
1 0 said inn^ profile and said outer profile and fiirther wherein said waU tfaidmess is greater than about 

three-eighth's of an inch. 

3. The stator of claim 2, wharein said wall thickness is about one-half of an inch. 

4. The stator ofclaim2« herein said stator has a substantiaUy constant wall thickn^ 

5. The stator of claim 1, further comprising: 

15 an elastomeric layer deposited on said inner profile of said pipe. 

6. The stator of claim 1» wherein the ends of said thick-walled pipe are upset to form a 
tubular section. 

7. The stator of claim 6, further comprising a pair of ends welded onto said Aick- 
walled pipe. 

20 8. A method of manufacturing a thick walled stator by rolling, comprising: 

(a) providing a plurality of rollers, said plurality of rollers defining an 
area of insertion; 

(b) inserting a thick wall tube into said area of insertion, said thick 
wall tube including a lobed core; 

25 (c) compressing said plurality of rollers upon said thick wall tube, said 

rollers establishing grooves in an outer profile of said thick wall tube; and 

(d) removing said core fiom said thick wall tube; 

(e) treating said thick wall tube to yield a thick wall stator. 

9. The method of claim 8, wherein said step of removing also includes aligning said 
30 grooves in said outer profile of said thick wall tube. 

10. The method of claim 9, fiirther comprising: 

(f) applyingalayerof rubber to an inner profile of said thick wall 

tube. 

11. A method of manufacturing a thick walled stator by drawing, comprising: 

-10- 
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(a) providing a thick wall tube» said tube having a first diameter at a 
fibrst end and a second diameter at a second end, wherein said second diameter is 
less than said first diameter; 

(b) providing a rotatable external die and a rotatable internal die, said 
rotatable external die and said rotatable inner die defining an area of ins^on for 
said second end of said thick wall tube; 

(c) inserting said second end of said thick wall tube to said area of 
insertion; 

(d) seizing said thick wall tube; 

(e) drawmg said fiiick wall tube through said rotatable internal die and 
said rotatable external die to form a helical outer profile mrslnHmg crests and 
troughs* 

12. The m^od of claim 1 1, fiirther comprising: 

(f) working said thick wall tube so that said first and second ends are 

radial. 

13. The method of claim 12, wherein said crests and troughs are aligned. 

14. The method of claim 12, fiirther comprising: 

(f) applying a layer of rubber to an inner profile of said thick wall 

tube. 
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INTERNALLY PROFILED STATOR TUBE 

CROSS-REFERENCE TO RELATED APPUCAHONS 
Not Applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

Not Applicable. 

BACKGROUND OF THE INVENTION 

Field of tfie Invention 

The piesent invention relates generally to a novel drilling motor component More 
pardcularly, the present invention relates to an inqiroved stator and related methods of manu&cture 
f or a Moineau st^e motor. 
Description of the Related Art 

Refeiiing to Figure 1, in drilling a borehole 100 m the earth, such as fertile recovery of oil, 
it is conventional practice to connect a drill bit 110 on the lower end of an assembly of drill pipe 
sections that are connected end-to-end so as to fonn a "drill string'* 120. The drill string 120 is 
rotated and advanced downv^ard, causing die drill bit to cut througih the underground rock 
fonnation. A pump 130 on the sur£ice 140 typically takes drilling fluid (also known as drilling 
mud), Eepresented by arrows 135, fiom a mud pit 132 and forces it down tiirough a passage in the 
center of the drill string 120. The drilUng fluidthenexits the drill bit 110^ in the process cooling the 
&ce drill bit The driUmg mud returns to the sur&ce ISO by an area located between tiie borehole 
and the drill string, canying with it shavings and bits of rock firom downhole. 

A conventional motor (not shown) is t^cally located on the surfiace to rotate the drill string 
120 and thus die drill bit Often, a drill motor 160 that rotates the drill bit may also be placed as 
part ofdie drill string a short distance above the drill bit This allows directional drilling downhole, 
and can sin^lify deep drilling. One such motcMr is called a '"Moineau motof* and uses the pressure 
exerted on the drilling fluid 1 3 5 by the suc&ce pump 140 as a source of energy to rotate the drill bit 
110. 

Figure 2 is a cut-away top view of a prior art Moineau motor. Motor hou^ng 210 contains 
an elastomeric rubber stator 220 with multiple helical lobes. The stator of Figure 2 has 7 lobes, 
although a stator for a Moineau motor with as few as two lobes is possible. Usee of tiiese lobes 
are labeled 225. A typical stator lobe makes a complete spiral in 36 inches. Tliis distance is 
knowo as the pitch length. Inside die stator 220 is a rotor 240, the rotor 240 by definition having 
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" one lobe fewer than does tbestator. The rotor has an identical pitch length to that of the stator. The 
rotor 240 and stator 220 intercngage at the helical lobes to form a plurality of sealing surfeces 260. 
Sealed chambers 250 between the rotor and stator are also fonned. The rubber of the stator 
degenerates at areas 231-237 and at areas 271-277. 

S In operation, drilling fluid is punoped in the chambers 2S0 formed between the rotor and 

the stator, and causes the rotor to nutate or precess within the stator as a planetary gear would 
nutate within an internal ring gear. The centerline of tiie rotor travels in a circular path around 
the centerline of the stator. The gearii^ action of the stator lobes causes the rotor to rotate as it 
nutates. The nutation frequency is defined as the multiple of the number of rotor lobers times the 

10 rotor revolution speed. In the case of a six4obed rotor, the centerline of the rotor travels in a 
complete cncle six times for each lull rotor rotatiotL 

One drawback in such prior art motors is the stress and heat generated by the movement of 
the rotor within the stator. There are several mechanisms by which heat is generated. Tlie first is 
the compression of the stator rubber by the rotor, known as interference, hiterference is necessary 

IS to seal the chambers to prevent leakage and under typical conditions may be on the order of O.OOS** 
to 0.030" The sliding or nibbii]^ movement of the rotor combined with the forces of inteif^ence 
generates fiicdon. In addition, with each c^cle of compression and release of tiie rubber, heat is 
generated due to in t^^^ viscous friction among the rubb^ molecules. This ph^iomenon is known 
as hysteresis. Cyclic defomiation of the rubber occurs due to three effects: interference, centrifiigal 

20 force, and reactive forces from torque generatiotL The centrifiigal force results from the mass of the 
rotor moving in the nutational path previously described. Reactive forces from torque generaticm 
are similar to those found in gears that are transrnittingtorqiie. In addition^ heat may also be present 
from the high temperatures downhole. 

Because elastomers are poor conductors of heat, the heat from these various sources builds 

25 up in the thick sections 231-237 of the stator lobes. In these areas the temperature rises h^ber than 
the temperature of tiie circulating fluid or the formation. This increased temperature causes r^id 
degradation of the elastomer. Also, the elevated tenq)erature changes the mechanical properties of 
the rubber, weakening the stator lobe as a structural member and leading to cracking and tearing of 
sections 23 1-237, as well as portions 271-277 of the rubber at the lobe oests. 

30 These forms of rubber degeneration are iimjor drawbacks because when a 

&ils, not only must the motor be replaced, but the entire drillstiing must be ^pped** or drawn fixmi 
the borehole, section by section, and then re-uiserted with a new motor. Because the operator of a 
drilling operation is often paying daily rental fees for his equipment, this lost time can be very 
expensive, especially after the substantial cost of an additional motor. 
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One known s^proach to increase the durability of a Moineau motor is to reduce the 
interfoence of the motor so that less heat is gmecated. However^ this will reduce the torque 
available to rotate the downhole drill Int and so may not be an acceptable alternative. Another 
solution to the duiability problem may be to lengthen the motor so that less heat is geneiBted per 
5 foot of motor lengdi. However, this sqiproach imposes additional cost and weight to the motor. 
Further, depending upon the application downhole, a longer motor may not be desirable. 

Other configurations for Moineau motors have also been suggested, sudi as patent no. 
4,676,725 to l^ink and patent ix). 5,171,138 to Foncst However, many of tiiese configuradons 
axe undesirably complex fiom a manulHcturins perspective, and thus can be very e?q>ensive to 
10 make. In addition, some of these concepts limit tiie cross-sectional area or do not provide good 
paths for heat conductiorL 

Other problems have also existed in die prior art motors, and thus a downhole motor is 
needed that solves or minimi2ses many of these problems. Ideally, such an improved motor would 
provide improved structural mtegrity and heat conduction, thereby leading to increased durability 
IS and reduced Mlure fiom degeneration of die elastomeric portions of the rotor and stator downhole. 
Alternately, such an improved motor could be shorter or have greater power than a prior art motor, 
while tuflintaifitng good durability. Further, sach a motor should solve other problems preset in 
the prior art and should be manufiumuable at a low cost so diat it can attain widespread use by the 
industry. 

20 

SUMMARY OF THE I^A/ENTION 
The present invention features a thick wall stator that includes an iimer profile and an outer 
profile. The inner profile of this stator has multiple helical lobes and the outer profile of this stator 
generally conforms to, or tracks, the shape of the iimer profile. 
25 The present invention also features a first method to manu&cture such a stator. This 

method includes providing a first die and a second die, each of these dies having the heUcally lobed 
shape of the stator. 

Thus, the present invention comprises a combination of features and advantages which 
enable it to overcome various problems of prior devices. The various characteristics described 
30 above, as well as other features, will be readily ^jparent to those skilled in the art upon reading the 
following detailed description of the preferred embodiments of the invention, and by referring to 
the acconq)anying drawings. 



-3- 



GA 02333948 2000-11-30 



itli 



WO 99/63226 PCT/US99A2562 

BWEF DESOOraON OF THE DRAWINGS 
For a more detailed descrqytkm of the preferred embodiment of Hie present invention, 
lefisrence will now be made to Ibe acocHiq^ 
Figure 1 is a pri(» art drilling system. 
S Figure 2 is a cut am^ end view ofaMoineaurStyle motor indudii^ 

Tubba degeneration. 

Figure 3 is a cut aswsy end view of a stator bmh in accord with a preferred end>odiment of 
the present invention. 

Figure 4 is a side view of a stator built ill am>rd with a prefened enibodizxient of th^ 
10 invention. 

Figure 5 is an internal die and an unworked tube prior to die tube' s formation into a stator. 

Figure 6 is a set of rollers used for a first method of manu&cture for the preferred stator. 

Figure 7 is the set of rollers of Figure 6 while forming the preferred stator. 

Figure 8 is a side view of an apparatus according to a second method of maiui&cture to 
IS fonn the preferred stator. 

Figure 9 is a cut awa/ end view of dies used to form the preferred stator according to a 
second method of manufacture. 

Figure 10 is a side view of an ^ypaiatus that forms die q^lUidrical ends of tiie preferred 
stator accordii^ to the second inediod of manu&ctme. 
20 Figure 1 1 is an end view of apair of dies according to afhird mediod of manufecture. 

Figure 12 is a stator and core engaged to show an extreme rotaticm in one direcdorL 

DETAILED DESCRIPTION OF THE PREFERim El^ODD^ 

Figure 3 is a cut-away top-view of a Moineau style motor 300 tnanufectured in 

25 accordance widiapreferred embodiment of ^inventioTL A rotor 310 is configured as known in 
the prior art and has multiple helical lobes. Rotor 310 may be solid or hollow. Rotor 310 resides 
in a thick-walled stator 320, which has an inner profile 350 and an outer profile 355. Molded or 
attadied to stator 320 is an etastomeric layer 330. Alternately, ibo dastoineric layer may be 
placed on the rotor, but the coiistnictionofthe metal stator 320 wiU be tmafifected. Therotorand 

30 elastomeric layer 330 intereng^ge at the hdical lobes to ferm sealing surfeces 340. The iimer 
profile 350 of stabat 320 follows the curvature of elastomeric layer 330 and fluis the thidmess of 
elastomeric layer 330 is constant The outer profile 355 of stator 320 ^leraily tracks or 
conforms to the helical geometry of the irmer profile of stator 320. The grooves along the oufi^ 
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profile 3SS of stator 320 ttnl conespond to tiie ixmer helical lobes must also twist along the 
length of the prefened embofiment, as shown in Hgure 4. 

Refeizing bade to Figure 3, the constant thickness of elastomeric Iqrer 330 eUminates a 
substantial amount of xubber as compared to maz^ prior art Moineau motors. In addition, less 

5 heat is generated because heat generation (hysteresis) m rubber is a function of strain, and undier 
a constant load, a diinner rubber results in lower heat generation. A thinner rubber also results in 
less swelling of the rubber in a^inssive drilling fluids'and at elevated temperatures, which also 
helps reduce intocfeience and its consequent heat generation. Additionally, cracking of the 
rubber at the crests of tiie stator lobes due to i^ssure bendiz^ of a thick elastom^ profile is 

10 minimized, further reducing repetitive stress induced fatigue. 

As can be seen, the preferred embodiment's stator 320 is always proximate to the sealing 
suifece. The proximity of stator 320 to the sealing sur&ce reinforces the rubber, which reduces 
tearing when high loads are q)plied. In addition, because steel is a much better heat conductor 
than is rubber, the proximity of stator 320 to the sealing sur&ce also permits the stator to 

15 dissipate a substantial amount of heat that otherwise could cause degeneration and failure of flie 
rubber that comprises the sealing material. 

Because the stator is thick walled, it is not necessary for additional drill piping or other 
support to be provided adjacent the stator. As used herem *Wck walled^ refers to thicknesses of 
at least about 3/8" More preferably, the walls are on the order of 1/2^. The diick wall of &e 

20 preferred embodiment allows the stator. to withstand directly the wei^t and rotation forces 
present downhole. The thick wall of the prefened stator also eluninates the cost of additional 
piping, and further eliminates any dif&cidties present when placing a stator inside drill pipe or 
drill string housing. Furdier, the improved strength of thick wall steel when contrasted to a diin 
wall counterpart allows a higher operating pressure drop for a given stator length, resultii^ in a 

25 higher power output Moreover, the undulating outer profile 3SS of the stator 320 presents 
minimum contact area to the hole wall, reducing the chances of differential sticking. 

The prefened embodiment's thidc wall is a significant advance. However, as ^ 
thickness of the stator piping increases, manufacturing becomes significantly more conq>Iex. 
Thus new methods of manu&cture are also required to manufacture sudi a configuration sinqdy 

30 and economically. Furfber, although a distinctive shq;)e is provided by the stator disclosed 
herein, nonetheless the ends of such a stator connect with the drill string and drill bit As such, 
during manufacture, tiie ends of the stator 320 should be a geometry tiiat facilitates connectimi, 
such as a cylindrical sh^ as shown in Figuro 4. 

-5- 
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Stator 320 may be manufactured by any one of three manufacturing methods disclosed 
hereia A first method to manu&cture the stator is the roiling method. This method may be 
practiced at either low or high texiq)erature. Referring now to Figure S, a cylinder or tube 500 
suitable for machining contains a metal core or internal die 510 preferably along its entire lengdi. 
5 Tins metal core 510 also includes helical lobes along its length. These lobes support the metal 
cylinder 500 upon its manu&cture into its ultimate distinctive sbape. The internal core or die 
should be lubricated to facilitate its removal and reuse after the formation of the lobed inner 
sur&ce. 

Refeiring now to Figure 6, a set of rollers 601-606 are shown. Also shown is open area 

10 610. Rollers 601-606 are shown in a compressed configuration, although th^ also can move 
outward in a radial direction, as indicated by arrows 611-616« to achieve an uncompressed 
configuration. One end of a metal qdinder 500 including internal die 510 is provided to open 
area 610 while rollers 601-606 are in an uncompressed configuration. Rollers 601-606 then 
begin to compress or draw together. Upon contact between the rollers and the tube^ die metal 

IS cylinder or tube 500 may be drawn or pushed through the set of rollers 601-606. Preferably, 
however, the rollers 601 -606 are themselves powered to propel the tube through the set of roll^ 
601-606. The force exerted by the compression of rollers 601*606 forms grooves in the e?cterior 
of the metal cylinder, as shown in Figure 7. These grooves, in combination with the iim^ die 
510, form the lobes along the ixmer diameter of stator 320. 

20 The twisting profile of the grooves on the exterior of stator 320 present certain problms. 

Because the rollers form the grooves that result in the mner profile for the stator 320, and 
because die grooves travel around a line passing through the center of the stator 320, rollers 601- 
606 must be placed at a slight axial angle to twist correcdy the metal cylhider 500. Referring 
now to Figure 7B, an illustrative roller 71 makes a groove 710 on die tube 720. A longitudinal 

25 axis 730 extmds through tube 720. Roller 701 is placed at an angle oc to a line perpendicular to 
the longitudinal axis. The rollers 601 -606 should be rotatable so that the angle oc can change, but 
should also be restricted or locked to one particular oc during manu&ctute of a tube. 

The powering of the inclined axis roUexs propels and rotates the tube so diat the grooves 
tmvel in a helical or twisting manner along the length of the metal cylmder 500. Multiple passes 

30 through die set of rollers will be required iT^iere a single trip through die rollers is not sufficient 
to create grooves of a desired depth. The independent powering of the rollm 601-606 fecilitates 
multiple passes in a bi-directional manner through the set of rollers 601-606. Thread-rolling 
equiinnent can hold the very tight tolerances that are required, and will be much cheaper than 
internal machining of helical lobes. 

-6- 
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Retiring back to Figure 7A, although a set of six lolleis is shown in Figure 7A to create 
a 6 lobed stator, this is not necessary. While a pne-to-one correspondence between the number of 
rollers and the number of grooves (and hence lobes) may be ideal to minimizie manufecturing 
error in the stator profile, it is also more expensive than absolutely necessary* The use of a 
minimum of two rollers is expected to result in an adequate stator profile. Further, the rollers 
need not be of the exact ^bapo shown. Rollers adequate for &e rolling method must merely have 
a rolling surface that creates sads&ctory grooves in die tube surfice corresponding to the inner 
im>file lobes. 

After manu&cture by the rolling method, the internal die SIO must be withdrawn fiom the 
thick wall housing, the pitch stages should be aligned as described below, and a layer of rubber 
should be applied to the inner profile of the now-foimed stator 320. Internal die 510 should be 
lubricated to simplify the removal process. 

A second^ method of manufacture is die drawing mettiod. This cold temperature (i.e. 
room temperature) mediod preferably will be used to manufacture the stator disclosed hereixL 
For this method of manu&cture, a swaged metal tube is pulled through a pair of rotatable dies 
and the ends are re-forged to attain the desired cylindrical shi4>e. Referring now to Figure 8A, a 
swaged steel tube 830 includes a full (fiameter portion 832 and a reduced diameter portion 834 at 
one end. Portion 834 of steel tube 830 is swaged to reduce its diameter and to sinqplify its 
ins^on into the drawing machine shown in Figure 8B. Instead of swaging, any method may be 
used to attain generally the shape shown in Fig. 8A to assist in plac^ent of tube 830 in the 
machine of Figure 8B. 

Referring now to Figure 8B, a machine suitable for the drawing method includes an 
external rotatable die 800 supported by a housing 80S. Rotatable internal die 810 has a smaller 
diameter than external die 800 and is supported by mandrel 820, which extends inside die 810 
during formation of tube 830. Figure 9 shows the relationship of the internal and external dies 
for the cold drawing process. A stationary die fixture 900 contains a rotatable external die 910 
and a rotatable internal die 920. External die fixture 900 and external die 910 interface at a thrust 
bearing 930. Also present is tube or pipe 940. 

Referring back to Figure 8, steel tube 830 is seized and pulled portion 834 by a 
mechanical device as indicated by arrows 840. This results in tube 830 being drawn between the 
dies in direction 850. Inner die 920 and external die 910 rotate while tube 830 is being pulled 
through, with the twist of the dies forming the twist in the tube shape that is necessary for a 
stator. Both the inner and outer dies 920 and 910 should be lubricated to simplify this drawing 
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process. A thick-walled tube with grooves on its outer profile and lobes on its inner profile 
results. 

Further^ ib& drawing of the metal cylinder 830 stretches and lengthois it, which results in 
a straight^ung of the grooves on the outer and inner profiles of the metal cyiindar. If the dies are 
S rotatable at adjustable speeds, this effect can be accounted for by simply increasing the rotation 
speed of the inner and outer dies, and thereby putting more twist in the tube 500 as it is pulled 
through the drawing machine. Alternately, a predetermined increase in rotation speed msy be 
used. A ti^t tolerance of 10/lOOOths of an hach per pitoh stage is required between the stator 
lobes and the rotor lobes, with each pitch stage being one revolution or twist (normally around 36 
10 indies). 

After the tube 830 has been pulled through the inner and external dies, it should be re- 
worked so that it has cylindrical ends. Referring now to Figure 10, an internal reforming die 
1020 includmg angled pordons 1025 is forced inside a stationary metal cylinder 1000 along 
centerline 1035. Outer dies 1030 support a cylinder 1000, which has been manu&ctured to 

15 include grooves 1010, while die 1020 is forced inside the metal cylinder 1000. Die 1020 re- 
forms one end 1040 of the cylinder 1000 fiom a grooved outer profile to a cylindrical outer 
profile better adsqpted to connection to other drill string secdons. Angled portions 1025 are 
designed to prevent tearing of the inner tube shape and thus must not be at too sevore of an angle. 
Tliis re-forming process preferably is done to bodi ends of cylinder 1000 and sh^>es it into stator 

20 320. A layer of rubber is then preferably ^plied to the inner profile of the stator 320. 

Stator 320 may also be manufactured by a third method, an ntrusion i»X)cess, at about 
2250 degrees Fahrenheit. In this method, a hot metal cylinder is forced flux)ugh a pair of dies as 
shown in Figure 11. Outer die 11 00 and inno: die 11 10 define an open area 1120. Eachofthese 
dies has a helical lobed shape. Soft metal is then forced through these dies. Because the metal of 

25 the tube is relatively soft at elevated tonperatures, grooves correspondixig to helical lobes are 
formed in die tube. The twist of the dies, combined with the forcing of the tubes through the 
dies, rotates the (r/Iinder and thus the dies can remain stationary while helical grooves are formed 
m the metal tube. The tube thereby acquires the lobed shape of the stator 320. The ends of the 
tube can then be re-formed, a process that is isimplified because of the elevated tempemture and 

30 the concomitant softness of the tube. 

Regardless of which method is chosen to manufiicture the lobed tube, the twist in the tube 
should be precise. Therefore, an additional step diat is preferred in each method is to adjust the 
tube pitch. To acconq>lish this, a known point on the tube profile is chosen, such as the apex of 
one lobe. This point can be lined up with a coirespondmg point or points exacdy one or more 
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st^es or twists down the tube. A laser is preferably med as the most precise way to measure 
compare these two or more points to ensure that they align, but other techniques such as 
inscribing lines at the points may also be used. If there is unwanted mis-a%nment between two 
or more points, the tube should be mechanically seized and twisted to align the points of interest 

5 After tiie tube has been aligned properly, the tube is then heat treated to regain its strengtti in 
accordance with known techniques. 

A hiyer of elastomeric or rubber is then preferably applied to the mner profile of the 
stator. Hjis is done after heat treatment of the stator has been completed. Referring now to 
Figure 12, to accomplish sqiplication of the elastomeric layer, a core 1210 is inserted into the 

10 stator body 1200 and then aligned. The outer profde of the core 1210 should be carefully 
manufsbctuied to exact dimensions and should track the inner profile of the stator 1200. To align 
the core 1210 to the statorl200, two extreme rotation positions should be established, preferably 
by deteiminix^ the points at which the lobes of the core 1210 contact the lobes of Ae stator 1200. 
One such extreme rotation position is shown in Figure 12. The mid-point rotation position 

IS between these two points is the theoretical position at which there is a constant spacing between 
the outer profile of the core and the inner profile of the stator. The core should then be rotated to 
diis mid-point After this mid-point position has been achieved, the core and stator should be 
locked into position relative to one another. Rubber may ihea be injected between the stator and 
core. Because the spacing between the stator and core is constant, the nibber will have a constm 

20 thickness. After curing the rubber, the core should be removed and ms^ be reused. 

While preferred raibodiments of this invention have been shown and described, 
modifications thereof can be made by one skilled in the art without departing from the spirit or 
teaching of this invention. The «nbodimmts described herein are exemplary only and are not 
limiting. Many variations and modifications of the system and apparatus are possible and are 

25 within the scope of the invention. For example, the preferred tubing sh^ made by the disclosed 
methods of manu&cture need not be used only for a stator, but can be used for any appropriate 
purpose. Accordingly, the scope of protection is not limited to the embodiments described herein, 
but is only limited by the claims that follow, the scope of which shall include all equivalents of tiie 
sutgect matter of the claims. 
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FIG. 2 
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FIG, 3 
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FIG. 5 
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FIG, 8 A 




FIG. 8B 
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FIG. 10 
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FIG. 11 




FIG, 12 
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